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PHYSIOLOGIC STUDY OF THE UTERINE VENOUS DRAINAGE
OF THE PREGNANT RHESUS MONKEY:
The proportion of the total venous drainage from the uterus which repre-
sents drainage of the placenta versus myometrial and endometrial drainage
has not been defined in any primate. Furthermore, the extent to which this
proportion varies in the principal veins draining the pregnant uterus is not
known. This information is particularly important in the application of the
Fick principle to the determination of uterine blood flows and placental
function.
In the past a steady diffusion technique involving a constant infusion of
a rapidly diffusible solute into the fetal circulation has been applied to the
sheep placenta to give measurements of uterine and umbilical blood flows.'
In two recent publications, other investigators have applied to the rhesus
monkey this method originally developed for the simultaneous measurement
of the uterine and umbilical blood flows in sheep.2" Since the method is
based upon the Fick principle, its application requires venous blood sam-
ples which are representative of the venous drainage of the whole uterus
or, alternatively, sufficient information to estimate the composition of the
representative venous samples. We shall demonstrate in this paper that in
the pregnant rhesus monkey, venous drainage by the two ovarian veins is
often unequal in composition and variable. In the light of this finding, we
shall examine the uterine flow data that have been published and indicate
the systematic errors involved in the calculation of these data.
IATERIALS AND METHODS
Nine pregnant rhesus monkeys of unknown gestational age were obtained from
commercial sources. It was estimated from the fetal weight that all pregnant animals
were studied somewhere between 120 days gestation and term. The animals were not
fed the night before surgery. They were sedated with 1 mg/kg. of sernylan I.M. and
anesthetized during surgery with halothane (fluorothane: Ayerst). The operative
techniques have been. described previously.' These techniques permitted catheterization
of the fetal femoral artery and vein, both ovarian veins of the mother, and the ma-
ternal femoral artery. The catheter placed in the fetal femoral vein was connected to
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a Technicon Autoanalyzer pump set to deliver a constant infusion of a saline solution
containing a known concentration of tritiated water (THO) at a rate of 30 sul/min.
After 50 minutes or more of infusion, blood samples were obtained simultaneously
from the fetal femoral artery, one or both ovarian veins, and the maternal femoral
artery. Three sets of samples were obtained at 5-10 minute intervals throughout the
course of the experiment. The blood samples were collected directly from the catheter
into heparinized microhematocrit tubes of approximately 80 #1 capacity. After cen-
trifugation, the supernatant plasma was placed in 0.5 ml. of Nuclear-Chicago solu-
bilizer, placed on a rotary mixer for several hours at room temperature prior to the
addition of toluene solution containing appropriate scintillators.
In some experiments, one or both ovarian veins were ligated to determine the effect
of such ligation upon the placental clearance of THO. The ligature was placed just
beyond the ovaries, towards the inferior vena cava.
RESULTS
There was considerable variation in the pattern of THO concentration
in the uterine venous drainage. For purpose of illustration, we have classi-
fied the different patterns into three types:
Type 1: Equal THO concentration in the ovarian veins (equal proportion
of placental to non-placental venous drainage in each ovarian vein)
Figure 1 presents the THO concentration in the fetal umbilical artery,
EQUAL [THO] IN EACH
150 OVARIAN VEIN
130
o~~~~~~~~~~~~
0 110 0
-i A
U. 90 0
70
0fi 50
00
° 30
64 68 72 76 80 8
TIME (MINUTES)
FIG. 1
219YALE JOURNAL OF BIOLOGY AND MEDICINE Decemberl969-Februaryl970
TABLE 1. (ANIMAL #43)
Time F F THO clearance
(mi/min.) (ml/min.)
64.4 22.4 23.6 10.9
66.6 19.5 22.9 10.4
68.6 25.0 10.3
70.5 25.9 10.9
77.9 26.8 30.5 11.1
79.9 29.6 34.8 12.2
81.6 33.2 37.0 11.7
84.0 33.3 32.1 11.4
maternal femoral artery, and both ovarian veins of animal #43. It is clear
that in this animal the proportion of placental to non-placental venous
drainage in each ovarian vein was comparable, and either vein could be
used for a calculation of uterine blood flow through the application of the
Fick principle on the assumption that the bulk of uterine venous drainage
was through these two veins. Table 1 presents the flows (F and F) cal-
culated on the basis of the right (V) and left (V)ovarian venous con-
centrations respectively. The table also presents the calculation of placental
clearance to THO in this animal.
Type 2: Persistent inequality of THO concentration (of place'ntal drain-
age) in each ovarian vein
Figures 2A and 2B present the THO concentrations in both arteries
and both ovarian veins of two different rhesus monkey preparations. It is
clear that only one ovarian vein was carrying blood from the placenta,
while the other was draining non-exchange tissues within the uterus, and
thus had a THO concentration indistinguishable from the maternal artery.
It should be stressed that this difference in tissue drainage cannot be de-
tected from the gross appearance of the two veins, either in color or size
of the vessels. In addition, in one of the two animals (2A) a steady state
was never established within the fetal or maternal circulation. This would
further invalidate the use of the Fick principle for the calculation of blood
flows in that preparation.
Figure 3 presents the THO concentrations in an animal in which two
venous concentrations were persistently unequal but both carried a signifi-
cant proportion of placental drainage. Thus, in this preparation even the
left ovarian vein (V) had a higher THO concentration than the maternal
artery for most of the study.
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Type 3: Variability in the Pattern of venous drainage wuithin the same
animal
Figures 4A and 4B present the THO concentrations in two animals in
which the pattern of a high venous THO concentration was alternating
between the two veins. In Figure 4B the high concentration was first in the
right ovarian vein (V), later principally in the left ovarian vein (V). One
can see in Figure 4A that the large fluctuations in ovarian vein concentra-
tion had no effect on the umbilical artery-maternal artery difference. This
fact indicates a stable transplacental clearance of THO and thus a constant
total umbilical plus uterine blood flow. Clearly, in these animals neither
vein could have been used as the only source of venous blood samples and
provide useful data for the calculation of uterine blood flow. It should be
emphasized that such variability in venous concentrations cannot be ascribed
to the position of the catheter tip, since the catheters were not relocated
during the course of the experiment and their location was confirmed both
at the time of the initial placement and again at the termination of the ex-
periment.
Effect of ovarian vein ligation upon placental clearance of THO
The different roles played in each individual pregnancy by the two
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TABLE 2. PLACENTAL CLEARANCE OF THO IN Two RHESUS MONKEYS
FOLLOWING LIGATION OF ONE OVARIAN VEIN
Animal #1
(Figure 5A)
Before ligation
Time
(mim.)
55
60
64
67
Animal #2
(Figure SB)
Clearance
(ml/min.)
12.6
11.6
12.8
11.3
Time
(min.)
59
64
68
72
80 12.1
84 10.4
88 9.8
92 11.9
105 11.4
86 8.8
90 9.4
1800
1600
1400
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0
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After ligation
Clearance
(ml/min.)
21.8
22.8
20.9
22.7
225
m aYALE JOURNAL OF BIOLOGY AND MEDICINE Decemberl969-February 1970
ovarian veins were demonstrated by observing the effect of ligating one
ovarian vein upon the transplacental clearance of THO. Figures 5A, 5B,
and 5C and Table 2 present the data obtained in three animals in which
one ovarian vein was ligated. Animal Number 1, whose data are presented
in Figure 5A, illustrates the fact that in some cases, one of the two ovarian
veins can be ligated without affecting placental clearance. Presumably, even
prior to ligation, all of the placental venous drainage was taking place
through the right ovarian vein (V) and uterine veins, hence ligation of the
left ovarian vein had no effect upon clearance.
In Animal Number 2 (see Figure 5B) ligation of the left ovarian vein
reduced placental clearance to less than half of its control value (see Table
2), and the umbilical arterial THO concentrations reached a new steady
state.
Finally, in Animal Number 3 (see Figure 5C) ligation of one ovarian
vein produced rapid deterioration of the preparation, as indicated by the
rapid rise of THO concentration in the fetus, and the inability of the system
to attain a new steady state. Presumably in this animal, the principal chan-
nel for venous drainage of the placenta was the ovarian vein which was
ligated, and there were insufficient collaterals to carry the placental drain-
age to the uterine veins and the remaining ovarian vein.
DISCUSSION
It is important to determine the pattern of venous drainage from the
uterus for a number of reasons. First, it is possible that positional factors
may produce local venous obstruction which could affect placental function
to a major extent. Secondly, the determination of uterine venous concentra-
tions has little meaning in the absence of information on the site drained
by the particular vessels studied. This is particularly true in the primate,
where the frequently asymmetric placental location prevents the develop-
ment of a symmetrical drainage system from the two sides of the uterus.
In a series of studies, we have shown that the infusion of antipyrine or
THO at a constant rate into the fetal circulation of pregnant sheep and
rhesus monkeys will lead to the establishment of a steady state within the
fetal and maternal circulations in a stable preparation. In rhesus monkeys,
this finding has been used for the calculation of the placental clearance of
these substances, a calculation which does not require the determination of
venous concentration and thus is not subject to the same errors inherent in
the determination of blood flows."5 In sheep the same approach has been
used for the simultaneous determination of uterine and umbilical blood
flows (steady diffusion method1).
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The steady diffusion method has been used in experiments purporting to
measure oxygen consumptions of the pregnant uterus and fetus in the
rhesus monkey.28 Unfortunately, these experiments provide no data to sup-
port the contention that the steady diffusion technique could be used in
primates.
The data presented in this report demonstrate the presence of a remark-
able variability in the venous drainage of the pregnant uterus of the rhesus
monkey. At times only one of the two ovarian veins shows a significant
arterial-venous difference of the test substance. More often the two veins
show large but unequal arterial-venous differences. Furthermore, the con-
centration pattern in the two veins may alternate. This variability precludes
the use of the Fick principle in the accurate calculation of uterine blood
flow.
Two causes of variability should be considered. It is possible that the
unequal venous concentrations are the expression of uneven maternal/fetal
perfusion ratios in different regions of the placenta. On the other hand, the
unequal venous concentrations may represent perfusion of placental and
nonplacental tissues (e.g. endometrium and myometrium) in different pro-
portions.
In order to illustrate the relevance of this variability to the correct esti-
mate of uterine flows, we shall examine briefly the results published by
Parer and Behrman.2 In Table 3 of that report, 15 paired observations of
uterine blood flows were listed. In twelve of the 15 paired observations,
there was a very large discrepancy between the right and left flow num-
bers. That is to say, in most cases there was a marked concentration dif-
ference between the two ovarian veins. In six instances the one of the two
paired observations with a very high flow number was rejected on the as-
sumption that a narrow arterial-venous difference indicated venous drain-
age of non-placental tissue. Obviously this procedure tends to underestimate
uterine flow. In sheep in the last third of pregnancy, the exclusion of en-
dometrial and myometrial flows from the calculation of uterine flow would
introduce a relatively small error, for the placental flow in this species is
approximately 86% of the total uterine flow.6 In the rhesus monkey, this
type of information is not available. In any case, the important point is that
a small arterial-venous difference was rejected on the assumption that it
represented veins carrying negligible flows. All other arterial-venous dif-
ferences were accepted and an arithmetic mean was obtained from the two
calculated flow numbers. Clearly, this procedure is inconsistent with the
assumption used in the rejection of small arterial-venous differences, for it
now attributes the highest flow to the vein assumed to carry the smallest
of the two flows.
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Finally, it is worth pointing out that uneven venous drainage is only one
of the problems facing the investigator of the placental function in the
rhesus monkey. Equally distressing is the fact that the simultaneous sam-
pling of uterine and umbilical vein blood often has been possible only under
rapidly deteriorating conditions.
In summary, this study shows quite clearly that flow measurements in
rhesus monkeys determined by the application of the Fick principle would
be subject to gross errors due to the inherent variability in the placental
venous drainage. Thus, studies purporting to measure oxygen consumption
in rhesus monkeys through the use of such techniques must be regarded
with some skepticism. The physiologic meaning of published results on the
simultaneous measurement of uterine and umbilical blood flows in primates
is quite obscure at the moment.
SUMMARY
Data are presented on the placental clearance and ovarian venous con-
centrations of THO in nine pregnant Rhesus monkeys. This study has
shown that the proportion of placental to non-placental venous drainage in
each ovarian vein is subject to wide variation, both within the same animal
as well as among different pregnant rhesus monkeys. This poses a major
problem in the application of the Fick principle for the determination of
total uterine oxygen consumption or uterine blood flow.
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